Twenty three genotypes of basmati representing the broad spectrum of variation were assessed for ten yield attributing characters and ten quality characters using principal component analysis and cluster analysis. Principal component analysis identified five principal components with eigen values more than one for four components which contributed 90.40 per cent of the cumulative variance. The genotypes were grouped into six clusters by using cluster analysis. Cluster II was the largest, consisting of six genotypes followed by five genotypes each in clusters III, IV and V, two genotypes each in clusters I and VI. The results indicated that there was some degree of similarity of genotypes clustered together on the basis of their origin. However, the pattern of distribution of some genotypes from different eco-geographical regions was found random, indicating that geographical diversity and genetic diversity were not related. The maximum intra cluster distance was observed for the cluster III. The highest genetic divergence was observed between the clusters IV and III exhibiting wide diversity. Among different traits, plant height, days to 50% flowering, spikelets per panicle, KLAC and amylose content had maximum contribution towards total divergence may be used as selection parameters in segregating generations. Judicious selection of genotypes from the clusters may be used as potential donors for future hybridization programmes to develop varieties and hybrids of high yield without much compromise on quality.
Basmati Rice, indigenous to the Indian subcontinent and endowed with unique quality traits are palatal delights of the rice connoisseurs' world over. These virtues of Basmati Rice command them premium price in domestic and international markets (Siddiq et al., 2012) . Improving productivity and quality traits of basmati rice always remain crucial. Traditional basmati rice varieties are very low yielding due to their poor harvest index, tendency to lodging and increasing susceptibility to foliar diseases, hence there is a need to develop new varieties combining the grain quality attributes of basmati with high yield potential (Amarawathi et al., 2008) .
Genetic variability is the pre requisite for any crop improvement programme. Improvement in any trait is solely depends on the amount of variability present in the base material of that trait. Accurate assessment of the levels and patterns of genetic diversity can be invaluable in crop breeding for diverse applications including, analysis of genetic variability in cultivars (Smith, 1984; Cox et al., 1986) , identifying diverse parental combinations to create segregating progenies with maximum genetic variability for further selection (Barett and Kidwell, 1998) , and introgressing desirable genes from diverse germplasm into the available genetic base (Thompson et al., 1998 ). An understanding of genetic relationships among inbred lines or pure lines can be particularly useful in planning crosses, in assigning lines to specific heterotic groups, and for precise identification with respect to plant varietal protection (Hallauer and Miranda, 1988 ). Significant emphasis is being paid to comprehensive analysis of genetic diversity in numerous field crops for long-term success of breeding program and maximum exploitation of the genetic resources (Belaj et al., 2002) . If the structure of the genetic diversity is known within a large collection of germplasm which may be of great help to make decisions on management procedures and breeding strategies to be used in breeding programs.
With the development of advanced biometrical techniques such as multivariate analysis, quantification of degree of divergence among the biological populations and assessing the relative contribution of different components to the total divergence at intra-and inter cluster levels have now become possible. Such a study also permits to select the genetically diverse parents to obtain the desirable recombinant in the segregating populations upon crossing. Multivariate statistical techniques which simultaneously analyze multiple measurements on each individual under investigation, are widely used in analysis of genetic diversity irrespective of whether it is morphological, biochemical or molecular markerbased and subsequently, classification of germplasm collections. Among the multivariate techniques, cluster analysis, principle component analysis (PCA), principal co-ordinate analysis 270 DOI: 10.5958/0975-928X.2017.00039.4 (PCoA) and Multi-Dimensional Scaling (MDS) are at present, most commonly employed and appear particularly useful (Mohammadi and Prasanna, 2003) . The present study was, therefore, undertaken to assess the extent of genetic diversity in 25 rice genotypes using multivariate analysis approaches like principle component analysis (PCA) and cluster analysis.
The experimental material used in the study comprised of twenty three basmati rice genotypes grown in different agro-ecological zones of India. Two non-basmati genotypes were also included in the study making a total of twenty five genotypes. Genotype name, parentage and origin details are presented in Observations were recorded on yield attributes viz., days to maturity, plant height (cm), panicle length (cm), effective panicles per plant (no.), spikelets per panicle (no.), spikelet fertility (%), test weight (gm) and yield per plant (gm) of ten randomly selected plants in each entry in a replication. Observations were also recorded to study grain quality characters viz., kernel length (mm), kernel breadth (mm), kernel L/B ratio, kernel length after cooking (mm), elongation ratio, alkali spread value (Little et al., 1958) and amylose content (Juliano 1971) . For statistical analysis, INDOSTAT software version 8.6 was used. The mean of the twenty five genotypes were analyzed statistically by the method outlined by Ostle (1966) . The analysis of variance for different characters was carried out in order to assess the genetic variability among genotypes as given by Cochran and Cox (1950) . The level of significance was tested at 5% and 1% using F table values given by Fisher and Yates (1963) . The data were statistically analyzed to study the genetic diversity by principal component analysis as described by Jackson (1991) . The genetic diversity between the genotypes was worked out using Mahalanobis D 2 analysis (1936) and grouping of genotypes into clusters was carried out following Tocher's method (Rao, 1948 and 1952) .
The analysis of variance revealed a significant difference among twenty five genotypes for all ten yield characters indicating the existence of high variability among the genotypes (Table 2) . However, there is little variation exist for quality traits since basmati quality traits are unique and should not vary (Table 3) .
Principle component analysis identified five principle components with Eigen values which contributed 93.08 percent of cumulative variance (Table 4 ). The first principal component (PC1) contributed maximum towards variability (47.015) with high significant positive loading of number brown rice breadth (0.320) followed by kernel breadth (0.308), kernel length (0.288) and filled grains (0.287). The second principal component (PC 2) accounted 25.145 per cent of total variance and it reflected significant positive loading of days to 50% flowering (0.398) followed by spikelets per panicle (0.299), KLAC (0.222) and kernel L/B ratio (0.202). The third principle component (PC 3) accounted for 13.246 percent of total variation and was characterized conspicuously by high loading of test weight (0.543) followed by brown rice L/B ratio (0.299) and brown rice length (0.294). The fourth principle component (PC 4) accommodates only one character, days to maturity (1.000). The fifth principle component (PC 5) reflected highest contribution from alkali spread value (0.728). PC4 and PC5 accounted for 5 and 2.67 per cent total variation respectively. Based on the five principle components, mean genotypic scores or PCA score were computed (Table 5 ). The plot of PC 1, PC 2, PC 3 and PC 4 showed clear differentiation of genotypes according to their cluster membership of each cluster. Genotypes belonging to a common cluster have fallen nearer to each other and vice versa. Fig. 1 . shows the two dimensional PCA plot with twenty five genotypes of rice clustered among themselves based on PCA scores. Thus the principal component scores of genotypes were used as input for clustering procedures in order to group the genotypes into various clusters.
Based on the relative magnitude of D 2 estimates, twenty five genotypes were grouped in to six clusters (Table 6 ). Cluster II was the largest, consisting of six genotypes followed by five genotypes each in clusters III, IV and V, two genotypes each in clusters I and VI. The clustering pattern indicated that there was some degree of similarity of genotypes clubbed together in a cluster on the basis of their origin. Similar findings were reported by Singh et al. (2008) . However, some genotypes were placed in clusters independent of geographical origin. Similar kind of results were reported in other studies (Sharma et al., 2002; Datt and Mani, 2003; Pradhan and Mani, 2005; Sharma et al., 2008 and Sharma et al., 2011 ). 271 DOI: 10.5958/0975-928X.2017 Average intra and inter cluster distance (D 2 and D) values among six clusters were presented in Table  7 . The average intra cluster D values ranged from 0 to 51.294. The highest intra cluster distance (D=51.294) was observed in the cluster IV, indicating wide genetic variation among the genotypes included in the cluster. The inter cluster D values ranged from19.44 to 110.013. The maximum genetic distance was between cluster IV and III (D=110.013) followed by cluster III and V (D=102.48), cluster III and VI (D=94.592) and cluster VI and I (D=85.810), revealing that genotypes included in these clusters are genetically diverse and may give rise to superior recombinants and high heterotic response. However, it was noted that cluster I and VI included two genotypes each which are traditional basmati genotypes. Emphasis should be given to this cluster while selections of parents for hybridization programme since traditional basmati cultivars are excellent in basmati cooking qualities.
Percentage contribution of the characters towards total divergence (Table 8) revealed that maximum percentage of contribution came from the trait amylose content (39.33%), followed by KLAC (10.67%), days to 50% flowering (10.67%), plant height (10 %), spikelets per panicle (10 %) and elongation ratio (5.33%). Relative importance of some of these characters in inter varietal divergence on basmati rice was reported in other study (Datt and Mani, 2003; Pradhan and Mani, 2005; and Singh et al., 2008) . The other traits had very low contribution to genetic divergence. Contribution of each character towards genetic divergence has been estimated from the number of times that each character appeared in the first rank (Table 8) . Hence, amylose content, KLAC, days to 50% flowering, plant height, spikelets per panicle and elongation ratio may be used as selection parameters in the segregating generations.
The cluster mean values showed a wide range of variation for all the yield traits under study (Table  9 ) however, variation among quality traits was less (Table 10) . Cluster means are helpful in selecting the desirable traits among clusters and it serves as a quick glance of clusters carrying desirable traits.
Considering the importance of principle components, Euclidean genetic distance, relative contributions of characters towards total divergence, the present investigation suggests that parental lines selected from cluster IV for plant height, panicle length and effective panicles; cluster I for spikelets/panicle, filled grains and alkali spread value; cluster II for cooking quality traits viz., brown rice L/B ratio, kernel length and kernel L/B ratio could be used in breeding programme to isolate superior recombinant genotypes with higher yield and best basmati quality. However, it was noted that, unlike the development of non-basmati hybrids, the task of developing basmati quality hybrids was challenging as the development of parental lines was required to be incorporated with the basmati quality traits in order to improve the yield potential without sacrificing the special quality features of basmati.
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